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The Structures connected with the Ovarian 
Ovum of Marsupialla and Monotremata. 

By 

Edward B. Ponlton, H.A., 

of Jesus and £eble Colleges, Oxford. 

With Plate V. 

The Ovary of Marsupialia.— In the spring of 1883, I 
obtained an adult living female of Phalangista (P. Vulpina). 
Although I have only been able at present to work upon the 
ovaries of this Marsupial, I have no doubt that, in essential 
points— such as the structure of the ripe Graafian follicle— the 
present description will prove to be characteristic of the order. 
It is very diflRcult to imagine such important characters to be 
of less than ordinal value, especially when we consider that the 
structure, hitherto described as the normal mammalian Graafian 
follicle, appears to be practically constant in so many orders. 
I have not, therefore, hesitated to give the above title to this 
paper, although I hope to bring a posteriori proof when I 
can find time and material. There are also certain points in 
this ovary which I hope to further elucidate by more prolonged 
investigation. 

The ovaries were hardened in chromic acid (of which the 
strength was increased during the process), and afterwards 
gradually in spirit. They were about 9 mm. in length, 6 mm 
in width, and 7 mm. in thickness. Their surface was 'studded 
with large projecting follicles (see fig. 1x9). In neariy all 
cases the sections were cut after staining the tissue as a whole 
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4 EDWAED B. POULTON. 

and leaving it for a long time in melted paraffin. In this way 
it vras possible to retain the entire contents of the follicles in 
situ. Borax carmine was chiefly used as the staining reagent. 
Fig. 1 gives a general view of all the structures seen under a 
low power in a complete section. The germinal epithelium is, 
as usual, a single layer of the very low columnar type. It is 
much lower than the eells lining the adjacent oviduct. The ar- 
rangement of the stroma in the thin ^^ albuginea^' seems to vary 
in difierent parts of the periphery of the organ, sometimes one 
layer being present, sometimes two or more, of which the cells 
cross one another. An irregular layer of small follicles (cor- 
tical layer of Schron] is next met with, and there is a special 
tendency towards the formation of groups. Below this the 
follicles increase in size, but the largest project from the sur- 
face. In the centre of the organ there is a very richly -supplied 
" zona vasculosa,^' the vessels of which radiate outwards to the 
large follicles. In the rapid growth of a large follicle^ some of 
the adjacent small ones are subject to such pressure that they 
become drawn out at right angles to the force, and parallel 
with the circumference of the large follicle (see fig. 4, c./.). 
Some of the follicles distorted in this way are found consider- 
ably advanced in development, with the membrana granulosa 
many cells deep. I have no doubt that this explains many of 
the abnormally-shaped follicles described in the ovaries of 
higher mammals ; it is certainly the explanation here. 

The substance of the organ consists of a mixture of normal 
stroma cells and fibrous connective tissue. In the ^^ tunica 
fibrosa " of the largest follicles the peripheral layers consist of 
fibrous connective tissue, the central of concentrically-arranged 
stroma cells, with abundant capillaries just outside the mem- 
brana granulosa (see fig. 6, /./.). Yellowish granular cells, 
united into lobes and cords, are very abundant in the zona 
vasculosa (fig. 1)> and isolated masses are also common, peri- 
pherally (fig. 4, g.c). They are, doubtless, the traces of the 
Wolffian Body, which have been described in other mammals. 
There is no essential diflerence between the Marsupial ovary 
and that of higher mammals in any of the points described 
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OVARIAN OVUM'OP MARSUPIALIA AND MONOTEBMATA. 5 

above. But important diflTerences exist between the Marsupial 
Graafian follicles and those hitherto considered universal 
among mammalia. Thus even in the lowly-magnified (fig. 1) 
the larger follicles are seen to possess a very thin and regular 
membrana granulosa, and the ovum in a (probably) full-sized 
follicle does not lie in a cumulus proligerus^ but is embedded 
in a substance corresponding in position with the liquor folli- 
culi. Minute examination shows further peculiarities. The 
young follicles appear to be normal ; the ova are at first sur- 
rounded by a single layer of fiattened cells — the follicular epithe- 
lium. These thicken and then multiply, forming a membrana 
granulosa several cells deep. It is then noticeable that the 
cells in immediate proximity to the ovum are not columnar, 
and thus the layer of radiating cells round the ovum, so cha- 
racteristic of the higher maihmalia, is entirely absent. In fact^ 
these cells show a tendency towards the flattened shape, and 
columnar cells never appear in this position throughout the 
further stages of the follicle. 

The granulosa cells have distinct readily-staining nuclei; 
they are very easily changed in shape, and it is hard to dis- 
tinguish their outlines. They are probably polyhedral, with a 
frequent tendency to be drawn out parallel with the side of 
the ovum. The layer round the ovum sometimes shows a ten- 
dency to split away from the others. There is sometimes an 
indication of columnar structure in the cells near to the folli- 
cular wall. The great want of persistence in form shown by 
these cells is seen when the granulosa has split away from the 
follicular walls (as very frequently happens). Then the cells 
are drawn out into long threadlike processes, of which many 
are left behind, fixed to the membrana propria. The latter is 
extremely thin. Subsequent examination of a fresh specimen^ 
and after the use of other reagents, confirms the above de- 
scription. The outer granulosa cells are columnar, the others 
polyhedral. The outlines are much more distinct than in the 
figures which were drawn from the organ hardened in chromic 
acid. 

The zona pellucida (?) is excessively thin throughout the 
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6 EDWAKD B. POULTON. 

whole of ovarian development. In one instance I calculated 
that it was *0013 mm. in thickness, and, even allowing for a 
considerable error, the result is very remarkable. The ovum 
itself (as prepared by the method above described) appeared as 
a very delicate network, which did not stain with reagents. 
The nucleus (germinal vesicle) was enclosed in a distinct 
limiting membrane^ and appeared in two forms distinguished 
by their behaviour with staining fluids. In the one case it 
stained deeply (see fig. 3)^ and in the other not at all (see 
fig. 2). It generally showed a coarse network, and it always 
contained a distinct spherical dark-coloured nucleolus (ger- 
minal spot). I could never distinguish the nucleus in the 
ovum of a large follicle. In the smallest ova the nucleus ap- 
peared to be always central, and it became eccentric during 
increase in size (compare figs. 4, gyf^ with 2 and 3). The first 
traces of a cavity in the granulosa resemble the corresponding 
change in higher animals^ and at first the clot formed in the 
cavity (by the reagents) appears to be identical with the 
coagulated liquor folliculi. The former shrinks away from the 
walls of the cavity^ remaining attached by threads, and in 
structure it is homogenous or finely granular. While the clot 
is thus normal the ovum is still embedded in the thickened 
granulosa cells, which at this stage may be called a cumulus 
proligerus. At this point the only essential characteristic of 
the follicle is the absence of radiating columnar cells round 
the ovum (see fig. 4). During further development the fol- 
licle increases immensely in size, and the granulosa cells form 
the abundant follicular contents so rapidly that (as the follicle 
widens) the layer is much reduced in thickness. The cells 
round the ovum undergo a similar change, and thus the ovum 
comes to be isolated in the follicular contents, surrounded by 
vanishing layers of cells (see fig. 5). The change continues 
until in the large follicle the ovum is left embedded in the 
central substance, completely detached from the membrana 
granulosa, and only bounded by its zona pellucida (see fig. 6). 
Nevertheless, there are slight thickenings on the granulosa at 
the point nearest to the ovum^ probably due to the fact that 
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OVABIAN OVUM OF MAESUPIALIA AND MONOTBEMATA. 7 

tlie layer was thickest here^ and has consequently here remained 
in greatest amount (fig. 6). In one case I observed one or two 
layers of cells still surrounding an isolated ovum in an appa- 
rently ripe follicle. While the changes in the granulosa have 
thus progressed beyond any stage met with in higher mammals^ 
the central contents of the follicle have also undergone modifi- 
cation. This is seen in the fact that the ovum^ although in the 
follicular contents^ was always imbedded (in the cases that came 
under my observation) on the side of the follicle that projected 
from the surface of the ovary, and generally (but not invariably) 
was placed near to the point of greatest projection (fig. 6). 
Again, the position of the ovum always bore a definite relation 
to the thickenings of the granulosa. But the ovum could not 
have any such definite relations if it were floating freely in a 
fluid such as the liquor folliculi. Therefore, it seems clear 
that the central contents of the follicle have become so gela- 
tinous or viscous that the ovum can be imbedded without 
change of position (unless, indeed, it is anchored to the side, 
and of this I could find no proof). At the same time, the 
microscopic appearance of the central substance has entirely 
changed, assuming, finally, the appearance of a coarsely- 
granular network, which does not stain (see figs. 6 and 7) 
This network has not shrunk away from the granulosa during 
hardening, but when any contraction takes place, this generally 
produces a space between the granulosa and the follicular walls 
(see fig. 1), and the former often becomes much folded. In 
one instance only I found a considerable cavity between the 
central contents and the granulosa. Of course it is impossible 
to decide as to the condition of this remarkable structure 
during life without the investigation of the fresh organ. It 
may be that some of the appearances (e.g^ granules) are due to 
coagulation produced by the reagents, but it is certain, from 
the above considerations, that a great change has taken place 
in the contents, and that ultimately there appears a substance 
very different from the ordinary liquor folliculi. In fact, 
nothing could be more different than the appearance of ordi- 
nary liquor from that of the central contents in question^ when 
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8 EDWARD B. POULTON. 

both have been treated with the same reagents. And there is 
an almost equal difference between the appearance of the con- 
tents of a young and of an old follicle in the same Marsupial 
ovary (compare figs. 4 and 6). In the younger stages^ when 
the follicular contents are finely granular^ and the ovum is not 
yet isolated^ the granulosa cells next to the central contents 
frequently appear swollen and vesicular^ unstained^ and with 
no distinct nuclei (fig. 4). Later there appears a distinct 
intermediate layer between the central contents and the 
granulosa. This layer is a network which seems to be con- 
tinuous with the granulosa cells peripherally^ and the strands of 
the contents centrally (see fig. 7). The intermediate network 
stains^ and nuclei are common in it^ apparently placed at the 
nodal points^ so that it probably represents the granulosa cells^ 
becoming stellate and arranged as a network^ which again is 
continuous into the central contents. The latter generally show 
some slight distinction between the peripheral layer close to 
the intermediate network and the central part. Since writing 
the above^ I have examined a fresh specimen^ but unfortunately 
there were very few large follicles present. There was cer- 
tainly some fluid present in the largest follicles^ but the fol- 
licular contents could be forced out entire^ and apparently 
surrounded by a wall> which may be the granulosa. I cannot 
be sure that this condition persists in the ripe follicle. The 
fluid is^ as usual^ albuminous. I could not detect the granules 
covering a network in the fresh state^ but this may be due to 
the fact that the follicles were not ripe. I hope to work at the 
subject again. 

The largest follicles seem to be about 2 mm. in their largest 
diameter^ but there is not much difference between the long 
and short axes. In one follicle of about this size^ the external 
fibrous part of the tunica fibrosa had thinned away at the most 
projecting pole* (beneath which was the ovum), and it is there- 
fore likely that the follicle was ripe. It is impossible to do 
more than speculate as to whether -any of the gelatinous ova* 
rian covering of the ovum (in the follicle) cliugs to it as an 
accessory layer after being received into the oviduct. The 
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OVARIAN OVUM OP MARSUPIALIA AND MONOTEBMATA. 9 

position of the ovum towards the projecting side is against 
such a theory. The corpora lutea do not seem to be peculiar. 
The sizes of all structures mentioned can be readily calculated 
from the figures. Thus there are important distinctions be- 
tween the Graafian follicles of a Marsupial and those of the 
higher Mammalia^ and yet these distinctions are by no means 
in the direction of greater simplicity in the former, but rather 
the reverse. We shall find a very different state of things in 
Monotremes. 

The Ovary of Monotremata. — Finding suchinteresting 
peculiarities in the ovary of Marsupials, I determined to in* 
vestigate the same organ in Monotremes. Professor Moseley 
very kindly allowed m6 to take the ovary from a female speci- 
men of Ornithorhynchus, which had been kept in spirits for 
many years in the University Museum, and also to look over 
and take what I could from some specimens of Echidna which 
had been similarly kept, but were not in a favorable con- 
dition for microscopic investigation. The ovary of Ornitho- 
rhynchus was flat (it may have been accidentally compressed) 
and oval, about 13 mm. long, 7 mm. wide, and 2 mm. thick. 
The edges were sharp. It was impossible to make out the 
shape or size of this organ in Echidna. In both cases I treated 
the organ as previously described after gradual hardening 
in spirit. Fig, 8x9 gives the appearance of a trans- 
verse section across the ovary of Ornithorhynchus. The 
follicles are confined to the 6dge of the section, and there- 
fore the surface of the organ. There does not appear to 
be any distinct arrangement of follicles according to their 
size, but the small ones always seem to be very near the sur- 
face. There were indications that the large follicles are con- 
stricted off, in the presence of a deep furrow encircling some 
of them. It is probable that this would be far more distinct 
in the fresh organ. Such constriction is a much more impor- 
tant character than mere projection, which occurs in Marsu- 
pials, and in some higher orders. There was, of course, no 
trace of the germinal epithelium, and nothing could be ascer- 
tained as to the true nature of the stroma. There certainly is 
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10 EDWARD B. POULTON. 

a layer^ condensed from the general substance of the organ^ 
npon the outside of large follicles^ but it was impossible to in- 
vestigate its minute structure. Blood-vessels were not common 
or large in the central tissue of my sections (taken transversely 
across the middle of the organ) . It is certain that they were 
much contracted^ and perhaps often obliterated. But while I 
was able to make very little out of the general structure of the 
organ^ I was more fortunate with the follicles^ in which some 
most important points were still recognisable. On first exa- 
mining some of the largest follicles (about 1 mm. in diameter^ 
but probably contracted)^ I found the ovum much shrunk^ and 
generally disintegrated^ but between it and the follicular walls 
there were a number of short segments of the same curvature 
as the follicle (or rather less). Further examination showed 
that these segments consisted of two layers of about equal 
thickness^ the inner being homogeneous^ and the outer evi- 
dently composed of a single layer of cutical cells. Careful 
search over a large number of sections enabled me to prove 
that the outer layer was the follicular epithelium — a single 
layer during the whole time that the ovum remains 
in the follicle. Therefore Ornithorhynchus follows the lower 
type^ and never gains the characteristic mammalian granulosa 
with many layers of cells. In many follicles of the largest size 
I found the single-layered epithelium still adherent to the wall 
over a large part of the circumference. The epithelium formed 
a very persistent layer^ and in many cases it remained con- 
tinuous when separated from the follicle by the contracting ovum. 
When thus separated^ it was possible to observe the layer from 
the surface^ and it then appeared as a mosaic of cells. The 
inner part of the segments is an investment of the ovum — pro- 
bably the zona pellucida. This layer is generally closely 
adherent to the epithelium^ and thus both were shattered when 
the ovum contracted. It is very common to find a third finely- 
granular layer of about the same thickness as the others on 
the inside of the segments. Those few fortunate sections 
which showed these layers in situ proved that this third layer 
is the external part of the ovum (see fig. 12). Under high 
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powers it is possible to make oat a fine layer between the zona 
and the third layer^ and one (or sometimes two) fine lines in 
the inner part of the zona> parallel with its surface. The 
latter may be an indication of a laminated structure^ or 
it may be an optical effect^ or caused by changes in the 
tissues. The minute structure of these layers must be in- 
yestigated with better material. The result of these facts is 
that the ova of Monotremes practically fill their follicles^ and 
are of considerable size. In this specimen the ova had often 
shrunk to half the diameter of the follicle^ and the intervening 
space was occupied by the loosely-packed debris of the epithe- 
lium and zona. High powers showed that the follicular 
epithelium rests on a thin but distinct membrana propria^ 
which it often draws with it away from the follicular walls. In 
young follicles the epithelium is thin^ but it soon becomes cubi- 
cal^ aud the zona appears, at first staining slightly^ and of less 
thickness than later; always apparently homogeneous. Con- 
cerning the ova, it is an obvious suggestion that in such large 
structures there must be a well-marked distinction into food- 
yolk and germinal-yolk. It is also probable that segmentation 
is unequal, perhaps partial. The large ova were generally dis- 
integrated, but from occasional specimens I found that the 
nucteus (germinal vesicle) was eccentric, having been central in 
small ova. The nucleus had a distinct limiting membrane^ 
within which it had shrunk (see fig. 11). There was a well- 
marked nucleolus (germinal spot) . Within the external, finely- 
granular, deeply-staining layer of the ovum ; there was another 
irregular layer of finely-granular material which did not stain 
deeply, within which there were a number of various-sized 
spheres and spheroids, some of them very large. These were 
finely granular under high powers, and did not stain deeply. 
Again, in the centre^ there were traces of material similar to 
that just external to the spheres (and which seemed to pass 
between them). This may be the residt of change, but I do not 
think that it is so entirely. Here, again, confirmation must 
come with better material. It seems probable that the darkly- 
staining, peripheral^ vitelline layer is the most recently-formed 
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secondary yolk. These finely-granular layers^ and the splie* 
roids within, together with the external investments, have a 
very obvious resemblance to Waldeyer's figure of the follicle 
of a fowl (fig. 194, p. 184, vol. ii. of the English translation 
of Strieker). In fig. 11, the nucleus is situated in the layer 
of spheroids ; it is probably on its way towards the circum- 
ference. 

The corpora lutea are very remarkable. The most important 
change that takes place in their formation seems to be the 
thickening of the tunica fibrosa, which thickening continues 
until the cavity is almost, or quite, obliterated. This change 
appears to begin early, and sometimes to be the only change, 
but of this I cannot speak with certainty. In the immensely- 
thickened layer blood-vessels are common. Such structures, 
with walls of all degrees of thickness, were very common in- 
deed (see fig. 1). Sometimes the lumen appeared empty, and 
sometimes it appeared to contain a shrunken basement-mem- 
brane with a few cells, perhaps of the follicular epithelium. 
In other and far rarer instances I observed masses of yellow 
cells within the thickened walls. It may be that this last is 
the initial, the former the ultimate stage, and that thus the 
corpora latea are not veiy remarkable in this animal; but 
the objection to this is, that the masses of yellow cells are 
comparatively rare, and that they do not form large and 
important masses, and further, that the former changes seem 
to be taking place at an early date, as far as one can judge. 
In a few cases the lumen contained a yellow shrunken clot 
which had also stained the adjacent tissues. This whole ques- 
tion needs further elucidation. 

The condition of the ovaries of Echidna was such that I 
could make out nothing, except the important fact that the 
follicular epithelium and zona pellucida are similar to Ornith- 
orhynchus. I was enabled to ascertain this from an examina- 
tion of scattered segments, such as I have described. 

These results as to the relation of the ovum within the ovary 
are very important, being characters that persist over important 
sections of the animal kingdom. If the conclusion that I have 
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expressed above concerning the foUicalar epithelinm of Mono- 
tremes *be correct (and of this point I am sure), it will, perhaps, 
more than any other character, serve ta place this order on a 
totally different level from the other mammalia. It sinks the 
differences between Marsupialia and Monodelphia in an equal 
divergence from both. The result is, I think, astonishing; the 
gap is almost greater than could be expected — not only in the 
Monotreme's downward affinities, but in the upward affinities 
of the Marsupials. In other points (" The Tongue of Ornitho- 
rhynchus'^ in this Journal for July, 1883) I have shown 
indications of transition between the two orders, but there is 
no such tendency here, where the characters are probably of 
very deep significance. 
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DESCRIPTION OF PLATE V, 

Illustrating Mr. Poulton's Paper ou " The Structures coniiected 
with the Ovarian Ovum of Marsupialia and Monotremata/' 

Pig. 1. — X 9. Transverse section of the ovary of Phalangista. The figure 
gives a representation of the appearances seen in an average section of this 
ovary. Even under this low power there are certain obvious differences 
between such a section and that of the Mammalian ovary as usually described. 
This is especially true of the larger follicles (F. and F'.)^ of which the. 
membrana granulosa (M. G.) forms a very thin and regular layer^ only marked 
by slight thickenings at the point nearest to the ovum (o.). The latter is 
never embedded in the membrana granulosa in the largest follicles, so that the 
slight thickenings are the only indications of a cumulus proligerus, and the 
ovum lies in the abundant contents of the follicle. Other differences will 
appear in the more highly magnified figures, si. Stroma, consisting of fibrous 
tissue and stroma cells. F. Large follicle, with the included ovum (o) turned 
towards the outside of the ovary. /, i. Tunica fibrosa, becoming highly 
vascular close to the follicle, m. g, Membrana granulosa, relatively thin and 
regular (except near to the ovum), t. /. Intermediate layer, in which the 
cells of the membrana granulosa are continuous into the contents of the 
follicle (central substance), c. s. Central substance, very different from the 
liquor folliculi of the ordinarily-described Mammalian follicle, both in struc- 
ture and in the fact that the ovum lies within it. The substance stains with 
extreme difficulty, and often not at all. Its external layer is rather darker, 
bordering on the lighter intermediate layer (but these effects are not due to 
the staining), while the membrana granulosa stains deeply. The structure 
and relations of these layers will appear in the more highly magnified figures. 
J^. Large follicles of similar structure to the one described above, but not 
cut through in the plane of the ovum. It is seen that as the follicles increase 
in size they project more and more from the surface. The contents of the 
follicles have contracted, thus leaving a space between the membrana granulosa 
and the follicular walls. In one case the membrana granulosa has been 
thrown into folds. This appearance is different from that seen in higher 
Mammalia, where the fluid contents of the follicle shrink away from the 
membrana granulosa (which rarely becomes detached from the follicular walls) 
in the process of hardening, and probably also drain away to some extent. 
Here in the large follicles the contents generally fill the space included by the 
membrana granubsa. i^'. Tangential sections through large follicles^ in some 
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DESCRIPTION OF PLATE V— continued. 

oases only showing the fibrons tnnic, in others the membrana grannlosa ; while 
in one instance the intermediate kjer is abo cut through and appears as a 
central light area surrounded by the darker membrana granulosa. g,f. Groups 
of small follicles, in some cases containing a larger follicle with the primary 
single-layered epithelium, advanced into the many-layered membrana granulosa. 
These small follicles form an irregular cortical layer of Schron, external to 
this is the albuginea and germinal epithelium. Isolated follicles in various 
stages are also scattered through the cortical part of the ovary. When these 
are pressed by the rapid growth of a large follicle, they give^ way and become 
drawn out in the direction of the circumference of the latter (this is well seen 
in Fig. 4). e. I. Corpus luteum, filled with yellowish cells, among which the 
external tissues intrude, carrying blood-vessels with them. Y. P. The very 
vascular central part of the organ (zona vasculosa). g, c. Lobules of granular 
cells, often arranged in elongated masses. These are doubtless the remains of 
the Wolffian body. Although especially present towards the central part of 
the organ, scattered lobules and masses also occur in the cortical part (Fig. 4). 

The next five figures (8 — 6) show the gradual deyelopment of a follicle, the 
earliest stage being shown in the small follicles of Fig. 4. All the figures 
are magnified fifty diameters, so that the relative sizes express a true ratio. 

Fio. 2.— X 50. A small follicle, with the included ovum. m,g. Membrana 
granulosa, with its external basement membrane. The shape of the cells is 
very difficult to determine : sometimes they appear polygonal, sometimes 
flattened, and sometimes there is an indefinite appearance of columnar struc- 
ture in the external layer. The nuclei stain deeply. The indefinite shape of 
the cells is doubtless due to their extreme flexibility. Subsequent investiga- 
tion has shown that the outer cells are columnar, the others polygonal. It is 
perfectly clear that there is no regular layer of columnar celb, with a radiate 
arrangement, round the ovum. In fact the layer next the ovum often seems to be 
composed of rather flattened cells. Here again is an important point in which 
the Marsupial follicle does not follow a very characteristic feature of the higher 
Mammalia, o. The ovum itself, the reference mark being placed in the 
vitellus. The zona pellucida (P) is excessively thin, and I could detect no 
trace of another layer. The substance of the vitellus appears as an extremely 
fine network (in this specimen hardened with chromic acid), which does not 
stain readily, n. The subcentral nucleus (germinal vesicle). This structure 
sometimes stains very slightly, or not at all (as shown in this figure) ; while 
in other cases it stains deeply (Fig. 3). After the methods employed in 
hardening, it shows a coarse network. It possesses a distinct L'miting mem- 
brane. There is a distinct spherical nucleolus (germinal spot), which is 
clearly defined and generally very dark. 

Fig. 3. — X 50. The reference marks are the same as those of the last %!i^. 
The nucleus in this case stains deeply, and it is placed at the circumference of 
the ovum. 
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DESCRIPTION OF PLATE V-Hsontinued. 

Tig. 4. — X 50. g,/. Groups of small follicles, with a single layered 
flattened epithelium. The nucleus of the ovum is central. That one of the 
group nearest to a large and growing follicle has become compressed into an 
oval shape, and this is still more the case with the members of two other 
small groups of follicles («./.). ^* c. Qranular cells, arranged in two 
elongated masses (remains of the Wolffian body). The reference marks de- 
scribing the large follicle are in most cases similar to those previously 
explained. V. C. Vesicular cells, transitional into the central substance (c, s.). 
These cells are an addition to the intermediate layer (i. l.\ and are not present 
in the largest follicles. They are swollen, unstained, with no distinct nucleus, 
and are doubtless in a state of transition into the central substance. The 
ovum (o) has no distinctly marked nucleus; it becomes indistinct in the 
increase from the size shown in Fig. 3 to that shown in this fig. I have never 
been able to detect it in the largest ovarian ova. There is a thin layer of the 
membrana granulosa cells surrounding the ovum as in the higher Mammalia, 
but the cells are not columnar. The central substance {c. s.) is finely granular 
and clot-like. It has shrunk away from the membrana granulosa. In both 
these respects it more resembles the appearances presented by the hardened 
liquor folliculi of higher Mammalia, and in both respects the resemblance is 
greater in younger follicles and gradually disappears as the follicles become 
older. The present figure would fairly represent a stage in the development 
of the Graafian follicle of higher Mammalia, except for the absence of columnar 
cells round the ovum. In this and the succeediDg figs. 5 — 7 the outer cells 
of the granulosa should be columnar, the others more distinctly polygonal. 

Fig. 5. — X 60. A larger follicle than the last. The reference marks are 
the same. There are still cells of the membrana granulosa round the ovum, 
but they have no connection with the peripheral cells, thus diverging from the 
higher Mammalian type. The central substance (c. s.) still remains finely 
granular, but it has not shrunk away from the membrana granulosa. 

Fig. 6. — X 50. An apparently full-sized follicle. Most of the references 
are the same. The ovum {o) is now seen to be embedded in the central 
substance (c. s,) with no traces of cells round it (occasionally they can be 
detected). The central substance (after the use of the above-mentioned re- 
agents) is a granular network, which stains with difficulty and does not 
shrink away from the membrana granulosa. The fibrous tunic (/. t.) is seen 
to te especially densely fibrous in its outer part, and vascular within. The 
membrana granulosa is irregularly thickened opposite to the ovum, and at this 
point the fibrous tunic thins away so that the follicle nearly penetrates it. 
This fact and the slight thickness which separates the follicle from the external 
surface, together with the convexity of the latter, make it probable that the 
follicle is ripe. The ovum is always placed (as far as I have observed) on that 
side of the ripe follicle which is directed towards the external surface of the 
ovary, though not always at the most convex point. The granulosa cells 
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DESCRIPTION OF PLITE V— continued. 

9liould be more distinct : they are drawn as thej appeared after the action of 
chromic acid. 

Fig. 7. — X 188. A portion of the periphery of a large follicle (about 2 
mm. in diameter), showing the details of some structures already mentioned. 
The reference figures have been already explained. The membrana granulosa 
is relatively thin, and forms an even layer. The intermediate layer (i. /.) 
is seen to form a coarse network, the origin of which from the cells of 
the membrana granulosa is proved by actual continuity and by the presence of 
nuclei at the nodal points. Nuclei are sometimes met with at a considerable 
distance from the membrana granulosa. The central substance (c, s,) is 
continuous with the strands of the intermediat>e layer. It forms a very 
granular network, with thick irregular strands. These are the appearances 
seen after the action of hardening reagents* The outermost cells of the 
granulosa should be columnar. 

Fig. 8. — x 9. A transverse section of the ovary of Ornithorhynchus. 
The whole organ was much contracted and altered, si. Stroma, very much 
contracted, and of which it was impossible to make out the true structure. 
In the central part of the section there are a few small blood-vessels. The 
ovary is a flattened oval body, and it is possible that blood-vessels are more 
abundant in the central part of some other region than that seen in this 
section, and it is likely that here they are much concealed by the contracted 
state of the tissues. The follicles {F,) are very abundant all round the 
periphery of the section, and the large ones project from the surface. There 
is also a tendency towards constriction of the larger follicles, thus resembling 
the arrangement in some other vertebrates where the constriction is carried so 
far as to produce a stalked appearance. It is also probable that the constric- 
tion is far more marked in a fresh ovary than in the one from which this section 
is taken. The light spherical spaces inside the follicles represent the ova, 
which are thus much larger than in other Mammalia, although the follicles are 
far smaller than those of Phalangista. The line enclosing the light spaces 
represents the zona pellucida (?) and the single-layered follicular epithelium. 
Outside this is the basement membrane of the epithelium and an external 
layer, which represents the fibrous tunic, c, /. Structures representing the 
Corpora lutea. Thei^ seem to be different forms of these. In some few 
cases I have found the follicular lumen apparently filled with yellowish cells, 
and the fibrous tunic thickened. In other cases, evidently soon after the 
escape of the ovum, the lumen was partially occupied by a yellow shrunken 
clot, which had also stained the adjacent tissues. Most commonly, however, 
the lumen seems to be obliterated by a gradual thickening of the tunic, in 
which vessels can be detected. Some of those in the section are of this kind, 
while others still show a slight trace of the lumen. It is of course probable 
that some of the appearances mentioned (if not all) are different stages of one 
history, but these apparently highly peculiar structures can only be satisfactorily 
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DESCRIPTION OP PLATE V-continned. 

made out when better material is obtained. It is seen that these stmctnres 
do not project from the surface to the same extent as the large follicles. 

Fig. 9. — x 188. A small follicle from the ovary of Omithorhjnohas. At 
this stage the follicle is not at all unlike those of the higher Mammalia, but in 
one of this size the follicular epithelium (see Fig. 4, g.f^ would be flattened, 
and the zona pellucida less marked, f, e. Follicular epithelium composed of 
cubical cells, resting upon a basement membrane, z. p. Structureless mem- 
brane probably the zona pellucida, generally strongly adherent to the follicular 
epithelium, o. 0?um, with n, the nucleus, containing a probably altered 
nucleolus. 

Fig. I0."-X 188. A rather larger follicle. The references are similar, 
except that/. ^., the fibrous tunic, is added in this case. 

Fig. II. — X 188. The ovum in this instance had shrunk, but retained its 
shape notwithstanding. The follicle was about twice the diameter of the ovum 
(and the latter when unshrunk must have filled it), and the interval was filled 
with the debris of epithelinm and zona pellucida. Two of the fragments are 
drawn. The difference in size between the cells of this figure and the preced- 
ing may be due to different degrees of contraction. The reference letters are 
the same as those of the preceding figures. The nucleus {n) is seen to possess 
a distinct limiting membrane, within which it has shrunk. The external part 
of the ovum {o) is finely granular, even under high powers ; within this is a 
zone chiefly composed of large granular spheres, and again in the centre the 
ovum becomes finely granular. The nucleus is situated in the intermediate 
zone, and is probably on its way to the periphery. Although the ova of the 
specimen here described were very much altered and sometimes completely 
disintegrated, yet I found the appearances so often and so distinctly that I 
think it very probable that they represent to a large extent the actual con- 
dition of the ovum. 

Fig. 12. — X 405. The periphery of a large follicle (probably 1 mm. in 
diameter, and more when uncontracted) highly magnified, /. t. Fibrous tunic, 
from which the epithelium (/. e,) and its basement membrane {b, m.) have 
shrunk away. z. p. Zona pellucida, on the inner surface of which is a thin 
layer {z\ //.), which may be the indication of a laminated structure, or may 
be possibly an optical effect or a result of change. In some cases I have been 
able to detect two such lines, v. m, A fine layer within the zona pellucida. 
e, I, External layer of the vitellus, which stains deeply and is finely granular. 
This is very constant, and adheres closely to the zona pellucida, so that it is 
common to find short arcs composed of these two layers with the follicular 
epithelium also attached to the outside of the zona pellucida, while the rest 
of the ovum has disintegrated and the periphery has thus been broken. 
y. s. Large finely granular spherical or oval masses. Between these and the 
deeply-staining external layer {e. /.), just described, there is a finely granular 
layer which does not stain deeply. 
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